Background: A change in nasal tip rotation is a very common maneuver performed during rhinoplasty. Among the many techniques used to achieve this goal is the tongue-in-groove (TIG). Objectives: This study addresses the long-term effect of the TIG on the nasal tip rotation 1 year after rhinoplasty. Methods: The authors prospectively identified patients who were submitted to a rhinoplasty with a TIG maneuver over a period of 1 year. The angle of rotation was measured along the nostril axis angle. The data were analyzed using the t test and a linear regression model. Results: Seventeen patients were included. The average preoperative tip rotation was 93.95° (SD, 3.12°). Immediate postoperative tip rotation averaged 114.47° (SD, 3.79°). At the 1-year follow-up appointment, the tip rotation averaged 106.55° (SD, 3.54°). There was a significant loss of rotation at the 1-year postoperative visit (P < 0.0001), with an average loss of 7.9° (SD, 3.25°), which amounted to 6.8%. The preoperative rotation didn't affect the amount of loss of rotation (P = 0.04). It can be estimated that, for every degree of rotation that is changed at surgery, the tip can be expected to lose 0.35 degrees over the first year. Conclusions: TIG is a more dependable technique than the ones that rely on healing and contraction to obtain rotation. Our data demonstrated a significant loss of rotation during the first year. This suggests that the surgeon needs to slightly overcorrect the tip rotation to account for this loss.
be 90 to 95 degrees, and women, 95 to 115 degrees, 3, [6] [7] [8] [9] [10] [11] with a recent study reporting a rotation of 106 degrees to be the most attractive for women. 12 Even though the need for superior or inferior nasal tip rotation in rhinoplasty is determined by these reference angles, a recent trend in rhinoplasty suggests that these values should be adjusted depending on the patient's ethnicity and other facial features.
There are several different techniques designed to increase tip rotation. These include: cephalic trim, [13] [14] [15] [16] lateral crura overlay, 16, 17 lateral crura steal, 17, 18 lateral crura repositioning, 19 lateral crura pull up, [20] [21] [22] [23] resection of caudal septum, 24 resection of the caudal aspect of the upper lateral cartilages, 24 and the tongue-in-groove maneuver (TIG). [24] [25] [26] A B D E C Figure 1 . Different methods for determining the degree of tip rotation. (A) Nasolabial angle (measured between a line drawn from the anterior columella to subnasale and a line from the subnasale to labrale superius), (B) the nostril axis angle (line drawn along the long axis of the nostril opening) in relation to the facial plane, (C) the columellar-facial angle (line drawn from the anterior columella to subnasale) in relation to the facial plane, (D) nostril axis angle in relation to a line perpendicular to the Frankfurt horizontal line, and (E) the columellar-facial angle in relation to a line perpendicular to the Frankfurt horizontal line.
The TIG maneuver was first described by Rethi to prevent nasal tip drop postoperatively and involves dissection of a pocket between the two medial crura and advancement of the medial crura upward (and possibly anteriorly or posteriorly) onto the caudal septum, which fits between both crura. 25 Once the relationship is found to be appropriate, these structures are fixated in position with sutures. The TIG technique is widely considered a very dependable maneuver to control tip support and projection [26] [27] [28] [29] and to correct alar-columellar disharmony. 30 It is also a more reliable maneuver to control tip rotation than the other techniques that depend on healing and contraction to obtain rotation. Despite its reputation of reliability, there are no studies that objectively evaluate the long-term effects of the TIG maneuver on the rotation set by the surgeon at the operating room. Therefore, our study aimed to evaluate the long-term effect of the tongue-in-groove maneuver on the tip rotation. The study hypothesis of this study was that there was not going to be a significant change in the angle of rotation during the postoperative period after the TIG maneuver has been performed during a rhinoplasty.
METHODS
From July 2013 to June 2014, all patients that underwent rhinoplasty that included the TIG maneuver were prospectively enrolled in the study. As soon as the patient was submitted to the tongue-in-groove, they were included in the study and the outcome was measured in a later time. The criteria the authors used to perform a TIG was the need for tip rotation in a patient with: (1) a relatively long caudal septum; and where (2) there was at least 3 mm of columellar show before the procedure. Patients that were submitted to other maneuvers that could have an additional significant impact on tip rotation were excluded from the study. The only other maneuver that could interfere with tip rotation performed along with the TIG was a very conservative cephalic trim that was limited to excision of the scroll area to reduce bulbosity. This cephalic trim was performed in all patients that were included in the study. This additional maneuver may have an impact on the final tip position, but the authors felt this would be minimal, if at all present. Unfortunately, this variability is largely inevitable when creating a harmonious outcome in rhinoplasty-one maneuver will frequently have an impact on another anatomic area creating the need for an additional maneuver.
All patients had standard preoperative photographs. Additional photographs were taken in the operating room immediately after surgery, just prior to placement of the nasal cast. All patients were followed up for 12 months and no additional intervention was performed. On the 12-month follow-up appointment, photographs were again taken and the degree of nasal tip rotation was compared to preoperative photographs and the ones taken at the end of the operation. On the occasion of every photograph taken (preoperative, immediate postoperative, and 1-year postoperative), at least 2 photographs were taken from the left and right sides, caring to keep the head in neutral position and avoiding rotation to the left, right, superior, or inferior. The ears were visible and the head placed in position with Frankfort horizontal parallel to the ground. All the photographs had the angle of rotation determined by measuring the nostril axis angle in relation to a line perpendicular to Frankfort horizontal (Figures 2-4) . Patients who failed to meet all the above criteria were excluded from our study.
No other variables such as patient satisfaction or nasal function were measured in this study. All patients included in this study provided verbal and written informed consent. The principles outlined in the Declaration of Helsinki have been followed to design this study.
Surgical Technique
To determine if the TIG maneuver was appropriate for the patient, the nose was analyzed for tip projection, rotation, degree of columellar show, presence of alar retraction, and degree of deviation of the caudal septum and columella. The criteria used to perform a TIG maneuver were described above. All patients were submitted to an open approach and had similar maneuvers during their rhinoplasty.
After proper sedation, the nasal septum and pyramid were infiltrated with 20 mL of local anesthetic (a 1:1 mixture containing lidocaine 2% with epinephrine 1:100,000 and bupivacaine 0.25% with epinephrine 1:200,000). The procedure started by performing a hemitransfixional incision on the caudal septum and elevating the mucoperichondrium flaps bilaterally. Deviated portions of the nasal septum, if present, were removed and at least 1.5 cm L-strut segment of cartilage was preserved. The nose was then opened using an inverted V midcolumellar incision. This incision was extended bilaterally into a marginal incision along the caudal edge of the lateral crura. The skin−soft-tissue envelope was elevated from the lower lateral cartilages, upper lateral cartilages, and nasal bones. The nasal dorsum was addressed if appropriate, with the midvault being stabilized using spreader grafts or autospreader flaps.
At this point, the space between the medial crura was dissected from Pitanguy's ligament to the nasal spine.
The caudal septum was also exposed. The tongue-ingroove was performed to define the degree of tip rotation, projection, reduce columellar show, and provide tip support. The medial crura on both sides were pushed cephalically and grasped with Adson Brown forceps and the relationship between the medial crura and the caudal septum was established. A 27-G needle was placed through the left medial crura, caudal septum, and right medial crura and the nasal tip rotation and projection were assessed. Once this was considered adequate, the medial crura were secured and using a 4-0 plain gut. The sutures were passed through nasal mucosa/medial crura/septum/medial crura/nasal mucosa, then around through nasal mucosa/medial crura/septum/medial crura/nasal mucosa where they were tied. A total of 4 to 5 passes were made ( Figure 5 ). Subsequently, after the rotation and projection were found to be appropriate, the tip was refined using intra-, interdomal, and crural sutures. A very conservative cephalic trim was performed by removing only the scroll area, allowing bulbosity to be reduced. Once the procedure was completed, lateral view photographs were taken in the operating room to determine the nasal tip rotation and the measurements were taken. The dressing was placed with nasal taping to support the nasal tip and a nasal cast that was removed on postoperative day 7.
Statistical Analysis
The difference in the degree of nasal rotation from the operative room and the 1-year follow up was analyzed using the t test. In addition, to determine if the preoperative rotation affected the angle and degree of loss of rotation at the 1-year follow up, we used a linear regression model. To determine if the difference in the preoperative rotation and the immediate postoperative rotation correlated with the loss of rotation over at the 1-year follow up a linear regression model was also used.
RESULTS
Seventeen patients were included in this study. Fifteen (88%) were female. The age of the patients ranged from 18 to 55 years old (average, 33.4 years). All patients were followed during the first 12 months at postoperative day 1, day 7, day 14, month 1, month 3, month 6, and 1 year after surgery.
The preoperative tip rotation was 93.95° on average (SD, 3.12°). At the end of the procedure, the tip rotation averaged 114.47° (SD, 3.79°). At the 1-year follow-up appointment, the tip rotation averaged 106.55° (SD, 3.54°). Table 1 describes in detail the changes in tip rotation in our patient population. There was a significant loss of rotation from the immediate postoperative angle and the 1-year postoperative angle (P < 0.0001), with an average loss of 7.9° (SD, 3.25°), which amounted to 6.8% ( Figure 6 ). The preoperative rotation did not affect the loss of rotation from the immediate postoperative to the 1-year postoperative measurement (P = 0.04) (Figure 7) . However, one remarkable finding was that among the 5 patients who lost the most amount of rotation during the first year, 4 were patients who the tip rotation was set the highest (patients 1, 6, 10, 13, and 15). The difference in the preoperative rotation and the immediate postoperative rotation also had a significant correlation with the loss of rotation over at the 1-year follow up (P = 0.049). Even though this was not a very strong correlation, when this was analyzed by percentage change (from preoperative to immediate postoperative) and percentage loss (from immediate postoperative to 1-year postoperative), the correlation was stronger (P = 0.029). Based on our data, it can be estimated that, for every degree of rotation you change at surgery the patient can be expected to lose 0.35 degrees over the first year. None of the included patients experienced any complications and no patients were excluded because of postoperative complications.
DISCUSSION
The TIG technique consists of repositioning of both medial crura around the caudal septum. A pocket is dissected between the two medial crura and the cartilage is advanced upward (and possibly anteriorly or posteriorly) onto the caudal septum where is fixated with sutures. Until now, this technique has been widely recognized a dependable maneuver to achieve good support and increase rotation of the nasal tip. 26, 29, 31, 32 The present study, like others, demonstrated that the TIG maneuver is an effective way to increase nasal tip rotation. 24, 33 However, for the first time, a study evaluates the changes in rotation of the nasal tip along the first postoperative year after rhinoplasty. Other studies evaluated the TIG modifications, but they either compared the preoperative and postoperative degree of rotation 24 or looked at changes that happened in the short term. 33 No other study, to our knowledge, analyzed the changes in rotation from the position set in the operating room and the long-term position (at the end of the first postoperative year).
As described above, there are a few different ways to measure rotation. The authors chose to measure using the nostril axis angle in relation to a line perpendicular to Frankfort horizontal due to the fact that our patient population included different ethnicities. Even though the nasolabial angle is still the method most commonly used to describe tip rotation in textbooks and articles in peer-reviewed journals, it is fraught with its dependence on neighboring anatomic areas. It is measured from the intersection between a line that crosses the most anterior portion of the columella and the subnasale with a line that crosses the subnasale and the mucocutaneous border of the upper lip.
In patients with a deficient or an overly prominent maxilla and nasal spine, the nasolabial angle may misrepresent the true nasal tip rotation. Similarly, determining the angle of rotation according to the facial plane can lead to misrepresentation in the event of an over-or underprojected chin.
Therefore, in our opinion, the best way to determine nasal tip rotation is the measurement of the angle in respect to a vertical line perpendicular to the Frankfort horizontal. The choice between the nostril axis and the columellar-facial angles becomes less relevant. We chose using the nostril axis due to the fact that immediate postoperative assessment could be more variable using the columella due to the presence of edema. In addition, using the Frankfort horizontal would create a fixed reference point to measure the tip rotation. The authors recognize that there is some lack of consistency in terms of head tilt on the photographs used in this study and presents in this manuscript. However, when measuring tip rotation according to our preferred method (angle of rotation determined by measuring the nostril axis angle . Graph demonstrating the degrees of rotation as seen on the lateral view preoperatively, the day of surgery, and one-year postsurgery. The graph demonstrates that all patients had increase in rotation at the time of surgery and all patients lost some of that set rotation over the course of the first year (P < 0.0001), with an average loss of 7.9° (SD, 3.25°), which amounted to 6.8%.
in relation to a line perpendicular to Frankfort horizontal), the tip rotation would not change with a head tilt since the landmarks would also tilt, which would not affect the data points. The measurements during the study were done using printed photographs and the lines were marked with a pen and the angle determined with a protractor. As above described, at least 2 pictures were taken from the left and right sides, caring to keep the head in neutral position and avoiding rotation to the left and right sides. That way, regardless of a mild head tilt during the photographs, the Frankfort horizontal would stay a reliable landmark to measure tip rotation. The authors agree that the pictures presented in the manuscript may portray an imprecise position of the Frankfort horizontal, questioning the points used for measurements. However, the precision is significantly higher when the points can be measured using a pen and a ruler and protractor.
The data demonstrated a significant loss of rotation during the first postoperative year-an average loss of 7.9°, which corresponded to 6.8%. This suggests that the surgeon needs to slightly overcorrect the tip rotation to account for this loss, estimating that, for every degree of rotation changed at surgery, the patient will have a loss of 0.35 degrees over the first year. Performing additional maneuvers that would increase tip rotation-such as lateral crura overlay, lateral crura steal, etc.-could lead to a better maintenance of rotation and should be taken into consideration.
There are a few possible explanations for the loss of rotation. One hypothesis is that this loss could be a response from of the intrinsic resiliency of the lateral crura. This was not assessed during the procedure due to the fact that this is a subjective appraisal and would not have translated into a quantitative data. Another reason could be the weight of the soft tissues on the nasal tip. Perhaps the patients who were further rotated would be subject to a higher pressure downwards from the skin−soft tissue or a combination of both cartilage resiliency and the weight of the skin− soft-tissue envelope. As previously described, it was found that of the 5 patients who lost the most rotation over the first year, 4 of them were the patients that the angle of rotation was the widest among our patient population (patients 1, 6, 10, 13, and 15). An additional hypothesis of the factor responsible for the loss of rotation could be the suture of choice. Most surgeons report the use of plain gut or chromic sutures with a few using polyglactin or polydioxanone. We also used a plain gut suture, which is known to have a relatively fast absorption rate when compared to sutures like polyglactin or polydioxanone. However, with the exception of the latter, most sutures will lose their tensile strength within a few weeks and the choice of material will most likely not interfere with the result. In addition, the authors did not resect any redundant mucosa that may have formed as a result of the cephalic dislocation of the medial crura. Although we do not believe that the excess of mucosa would be a sufficient factor to decrease the tip rotation, its resection could have helped in maintaining the rotation. In addition, there was no caudal septum trim performed on any patients included in the study.
The authors did not measure the magnitude of the medial crura placement on the caudal septum. This could have been a useful piece of information in terms of the relationship of the degree of loss of rotation with the amount of medial crura-caudal septum overlap. Unfortunately, the authors do not have multiple photographs after surgery. It would be interesting to have a 1 week, 1 month, 3 months, 6 months follow-up picture. This would've been very helpful to determine the timing on loss of rotation.
CONCLUSION
TIG affords a precise control over tip rotation. It is more dependable than other techniques that rely on healing and contraction to obtain rotation. When performing this maneuver, if the surgical technique and choice of suture material are similar to those described above, it is important to realize that the nasal tip will likely lose some of the rotation that was set at the operation table. This maneuver also reduces columellar show and is a powerful maneuver to increase tip support.
